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MECHANISM OF THE NTTRATION OF PARAFFINS
AND CYCLSPARAFFINS WITR NITROGEN FLNTOXIDE

A. I. Titov
I. V. Shchitov

The reaction between nitrogen pentoxide and paraffins or cycloparaffins

is outs
ceeds smoothly .nder ordinar
factors. The high activity
noticed by N. va. Dem'yanov
soamyl. From the producte of
primary nitrocompound.
to accept the formula
down during

z{ n%trogen pentoxide towards
1

the

CoH19NOz for
the reaction,

tanding in the field of saturated hydrocarcon chemistry in that it pro-
Yy conditions without perticipation of external

reraffins was first

over 50 years ago in the reaction with dii.
resctionyhe separated a small quantity of a
After studying the nitroproduct, Dem'yznov was inclined
it, assuming that the carbon skeleton broke
Apparently upaware of Dem'yanov's work, Adkins and

Haines [_2_7 discovered a rapid reaction betwean n-heptane ang nitrogen pent-

oxide 25 years later but wvere unabvle

to isolate any definite product.

Un-

doubtedly, the inconclusive results of this work prevsnted other researchers

from continuing the study of tnis unusual reaction.

In our investigations, it was

first shown that the reaction between nitro-

&en pentoxide and the paraffin chain can be successfully accomplished in inert

solvents at temperatures below (0,
ducts of the reaction were alkyl nitrates (60-65%),
carboxylic acids (10-15%).
clusive products of the reaction were cyclohexyl nitrite,
adipic.acid, while in the reaction with n

Under these conditions,
nitroalkanes (10-15%), and
I~ the reaction with cyclohexances, the almost ex-

the principal pro-

nitrocycliohexane, and

-heptane or octane, secondary alkyl

nitrates and nitroccmpounds with the predominence of disubstituted isomers in

the mixture were fo-med.

Ip accordance with -3 ¥ 38 vizvat:

2 the U o
By us /73 7, the firss stage of resction must te the
alkyl groUp resulting fron the actiss of 3 suitabla ru
carbon, which is capable of TemCViNg Ly&rogen as fOLiows-

R-H+A<=R'+HA.

paraffin chaing develisped
formazior 2 a free
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As & rule, in other cases of nitration, the monomeric molecule of nitrogen
dioxide serves ag Buch an agent. However, as evidenced by the great rate of
the Process, nitration with nitrsgen beroxide involves the action of a more
highly active agent. We assumed that ip the reaction of raraffins with nitrogen
pentoxide, the NO3. group serves a8 such an agent. 7Tt is formed in the equilib-
rium dissociation

N205 2. §o2 ¢ NO3 (2)

similarly to that taking place in the cases ol Na203 and NoOy. The greater
activity of NO03, as compared with NO2, is due to the stronger electrophilic
character of the trioxide. In the first approximation, the electrophilic
properties or NO3 and NO2 are related to each other &s the strengths of nitric
and nitrous acids HONO2 and HONG . In the corresponding intermediate stages
of elementary reactions (3) and (4);

+J, -J",
R-H#N02—>Rh,H“.N02—>R.+HN02 \3)

+. -§a
R-H*NOg-—)R,..H}V..No3—>a.+1m03 (%)

J}? f,, hence a lowering of 15-20 keal in activation energy teakes place. In
agreement with our hypothesis, further transformations of alkyls must take
piace in the same way &s nitration through a preliminary interaction of the
raraffin with g monomer of nitrogen dioxide NO2.

oving to & shift of the equilibrium ip equation {2) to the side of N205 forma-
tion, analogous to “hat which e observed in the saturation of a mixture of
oxides of ni“rogen and t ydrocarbons with nitric oxide

K203 @ N0, + NO. ’5)

When the quantities of N2Or ang NoGy were egual, the rate of the reaction
ves reduced severel times,

Investigation of the kinetics of the reaction showed that it Proceeds ap-
proximately according ic a bimouecular type, and in accordance with theory,
its rate increases ip the region of low concentrations of Nz05. For N205, a
dependence analogous to the well-known effect of the increase of the degree of
dissociation of N20L, when it is transferred from a solution in hydrocarbon to
& solution in carbon tetrachloride, mey be expected. This conclusion was in-
directly confirmed by a significant incremse in the rate /of reaction/ in ceyy,
as compared to its rate in octane.
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In accordance with theory, the most probable transformations of the radi-
- cals under the conditions of nitration with nitrogen pentoxide may be expressed
by the following scheme:

8) N20522 . NOp 4 §O3.
b) R -H4N03. 3R + HNO3

0 0
J
c) R-«}N-O-N—)RONngNoa
7/
0 0
R - NOp

C')R 10 -N=9

RONO (6)
0 RONO 4 NO2
NP
ct) R +0=N 7§=0
) \ ¥ \
0 RONO2 + NO

RONO2 + NoOp
d) RoNO 4 N205
R'COOH
Tte relation between the observed ylelds of nitrocompounds and oxidation

products must depend on the magnitude of [ITOQ’/‘ and the effect.ve-
ness of the corresponding components. [M2057 + /Na0L/7

In conformity with this :onclusion, we found that when the reaction takes
place at elevated temperatures and a constant Fressure of N205, i.e., under con-
ditions that are favorable for the interaction of the radicals vith NO2, the
¥leld of nitroelkares is increased. Carrying out the reaction in boiling cecyy
resulted, in the case of nitration of cyclohexane with nitrogen pentoxide, in

(41%), similar to what vas observed in the nitration with NOp under these con-
ditions, By means of a control experiment, it was established that under the
conditions of the reaction with N205, the role of NO2 as a radical-forming agent
can be disregarded.

As we concluded our work, Ogg's papers [h 7 became known to us. In them,

he establishes the rapid formation of the equilibrium Naos=2 o2 +NO3 by ¢ iudy-
ing the rate of isotope exchange in the reaction

e st

] -
PRI e A I S

These data rerresent a full proof of the correctness of our interpretation
of the mechanism of nitration with N20s .
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The results of our research now allow us to explain rigidly the part played
by nitrogen pentoxide and nitrogen trioxide in a number of cases of nitrations
and to confirm our earlier assumption that these oxides participate in the
nitrations. For example, the capacity of highly concentrated or anhydrous nitric
acid to react with paraffins upder ordinary conditions, as observed by Markovni-
kov /75 7 and other authors ; can be definitely explained by the presence of tri-
oxide of nitrogen in such an acid, arising by the following scheme:

+ -
NOo 4 NO3
3HN033 H20.HONO, + ¥205; N205‘ (8)
-NO2 + No3.

The formation of N205 in anhydrous HN03 fullows from a 8eries of dats.

At high-temperature nitration with nitric acid in the gas phase, the forma-
tion of active HO3 18 due to the following sequence of rapid reactions:

2HNO3 - NoOs +Hx0; Ny05-»N0 + Noy 1’1?205-“«02 + Nog27. (9)

In these ¢ircumstances, nitration with nitric acig under the conditions in
question can sometimes take place faster than the reaction with niltrogen dioxide.
Nitric oxide, rapidly elim sating NO3, must, under these conditions, have a re-
tarding effect on the reaction.

In our experiments on nitration in the presence of oxygen in the liquid
phase /73 7, and in the experiments of Has. /67 in the vapor phase the process
of oxidation of nitric oxide with oxygen must have brought about the formation
of NO3 and, consequently, an acceleration of the nitration. The formation of
active N03 and activated molecules of NO2* in this cage may be expressed by the
scheme NO

,—)0 =N -0-0-NO~> 2.NOx*

OxsN4+0-0

=>0=N-0-0- Nop—» NO2* + NO3- {10)

de shall describe gsome of the experiments as Pollows:

1. A mixture of 21.6 & N205, 100 ml CCly, and 8.4 g cyclohexane was lert
standing over night at Qo, Then, 1.2 g of adipic acid were isolated from a
bicarbonate extract. From the neutral residue, 1.2 g aitrocyclchevane and 6.5¢g
cyclohexyl nitrate with a bolling point of 950 - 96° at 4o mm, dEO = 1.035,
n§°. 1.5578, MR = 36.60 (calculateq 35.71) were obtained by vacuum distillation

and treatment vith alkali; N found 9.26%, calculated 9.62%. Cyclohexyl nitrate
was also svnthesized by treating cyclohexylnitrite with N205 (bp 950 - afo at

20
40 mm, dﬁo = 1.090, By = 1.4575) and esterification of cyclohexanol with N05
((’.io = 1.082, ngo = 1.4575), The cyclohexyl nitrate frem +he reectiosg yroduce

vas transformed by refuction with zire ig az2tic scid to cysl nBXYyl acetats.
Saponification of the atter with 204 gkog reaulted in cyelohaxegol with 8 boij-
ing point of 150 _ 1450,
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2. Carrying the reaction out in boilin

g CCl, by adding 32.k g Nx05 over a
period of 30 min gave 2.62 g of adipic acid, 8.0 g nitrocyclohexane, and 9.5 g
eyclohexyl nitrate.

3. Nitration with a mixture of phosphoric anhydride and anhydrous nitric
acid gave results analogous to 1 and 2.

L. RNitration of n-heptane under the con 6tiona of Experiment 1 produced
around 1.9 g sec-nitroheptane (320 , 0.931, ng = 1.4220, MR » 42.20; N found
8.42%, calculated 8.70%). Hepty& alcohol (bp 158° - 1616) vas obtained from

heptyl nitrate over heptyl acetate. From this was prepared the semicarbazone
of heptanone with a melting point of 1150 . 1200 and 1220 - 1240 after recrys-

tallization (according to the literature, the semicarbazone of methyl-n-amyl-
ketone melts at 1240),

5. Nitration of n-octane under the conditions of Experiment 1 yielded
about 1.70 g eec-8c tane and 9.9 g n-octyl nitrate with a boiling point of 1090~
110° at 40 mm (a0 . 0.9548, Op. = 1.4260; N found 7.78% calculated 8.00%).

Carrying out the reaction in boiling CCly gave results analogous to those of
Experiment 2.

Octyl nitrate was similarly transformed into octyl acetate with a boiling
point of 1850 - 1900 (according to the literature » the acetate of octanol-2
bolla at 1890 - 193°), then into octanol with a boiling point of 1750 - 1770
(according to the literature » octanol-2 boils at 177° - 179°), and finally into
8 semicarbazone vwith a melting point of 116° - 1180 and 2,4-dinitrophenyl-carba-
zone cf octanone meiting at 480 . 500 » and after recrystallization, at 120° and
56° - 579, respectively. A noticeable drop in the melting point of mixtures of
the products with substances of known structure was not noticed.

Nitro-octane was also tranaformed into octanone, according to 5. S. Namet-
kin. Investigation of his dinitrophenylhydrazone shLcved that sec-nitrooctane
also consists basically of & two-substituted product.
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